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A  survey of fine structural characteristics of various 
plastid types, their variability and interconvertibility, based 
on the authors’ experience is given. In this article the. fine 
structure and development of the main plastid types —  
chloroplasts, etioplasts, chromoplasts and leucoplasts —  are 
described in several plant systems.
The differentiation of chloroplasts proceeds either di­
rectly from proplastids or through the etioplast stage. Various 
environmental factors are shown to influence this process. 
The adaptability of chloroplasts to environmental changes 
is shown in aurea mutants. These plants promptly adapt 
their structure and function to the surrounding light condi­
tions. The development of the photosynthetic activity in the 
thylakoids during chloroplast differentiation can be demon­
strated by a cytochemical method. The fine structure of 
various chromoplast types is described. The evolution of 
their pigment containing structures can be successfully stu­
died by applying specific inhibitors which block or alter 
their normal differentiation.
The plastid dedifferentiation is demonstrated by several 
examples. These include changes from leucoplasts to chloro­
plasts and several types of chromoplasts to chloroplasts 
transformations. The significance of these transformations is 
discussed.
* Dedicated to Prof. Zvonimir Dévidé on the occasion of his 65th birthday. 
Prof. Zvonimir Dévidé was Head of the Laboratory of Electron Microscopy, 
Ruder BoSkovic Institute, Zagreb, for many years (from 1954 till 1973), and 
the initiator of the investigations on plastids.
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I n t r o d u c t i o n
Plastids are typical organelles in most eucaryotic plant cells. They 
exist in many different forms and have different functions. Moreover, 
plastids are able to adapt their structure and function to various chan­
ges of environment. The mode of these adaptions has not yet been fully 
explained, because it depends on the interaction of genome and plasto- 
me of the cell (K i r k and T i l n e y - B a s s e t t  1978, D é v i d é  1983).
All plastids develop from undifferentiated proplastids. Dependent 
on the plant organ and environmental conditions, proplastids are trans­
formed into various plastid types, such as chloroplasts, etioplasts or 
chromoplasts. The developmental scheme of plastids is very complicated, 
because their differentiation can be reversed under certain conditions, 
or can take another direction. It is considered that all plastid types 
are interconvertible to some extent, i.e. »any kind of plastids can be 
shown to change into or be formed from one or more other kinds of 
plastids« (K i r k and T i 1 n e y -  B a s s e 11 1978).
This survey gives the results of the authors’ 25-year experience of 
the problems of fine structural changes during plastid differentiation.
P r o p l a s t i d s
Proplastids are small colourless undifferentiated plastids, which occur 
in meristematic cells and are precursors of all other plastid types. These 
plastids contain only few internal structures — vesicles and short single 
prothylakoids •— which develop through invagination of the inner mem­
brane of the envelope (Fig. 1) ( W r i s c h e r  and V r h o v e c  1969). The 
internal membranes lack photosynthetic activity ( W r i s c h e r  1981). In 
some cases proplastids can accumulate phytoferritin ( K n o t h ,  W r i -  
s c h e r  and V e t t e r  1980). This iron containing protein is thought to 
serve as storage for the synthesis of new thylakoids.
Differentiation of chloroplasjg from proplastids can be best stu­
died in monocotyledonous light grown leaves, which grow at their base. 
For the study of functional differentiation of plastids in situ photooxi­
dation of diaminobenzidine (DAB) turned out to be a useful method*. 
Differentiation starts with the development of new prothylakoids. Some 
of them become photosynthetically active (they react positivelly with 
DAB) and then start to divide and stack to small grana. Further increase 
in the number of grana gives rise to the thylakoid system of chloro­
plasts, consisting of grana and stroma thylakoids (Fig. 6) (W r i s c h e r 
1981).
In roots and some fruits, proplastids may remain structurally un­
developed as leucoplasts (Fig. 2) or they may accumulate starch to form 
amyloplasts. Leucoplasts are not always the last step in plastid differ­
entiation. In some underground organs, e.g. in onion bulbs when illu­
minated, leucoplasts of the mesophyll cell layers are promptly trans­
formed into chloroplasts by developing new grana ( D é v i d é ,  unpubli­
shed).
* Photooxidation of DAB is mediated by some component(s) of the photo­
synthetic apparatus lying in the thylakoid membrane in the vicinity of the 
photosystem I ( W r i s c h e r  1978a).
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E t i o p l a s t s
Among all environmental factors light has the greatest influence 
on the differentiation of plastids. In leaves grown in darkness proplas- 
tids cannot change to chloroplasts, but etioplasts develop instead (Fig. 
4). Etioplasts contain only few membranes (prothylakoids) and many 
tubules arranged in a semicrystalline structure, the s.c. prolamellar body 
(PLB) ( K i r k  and T i 1 n e y-B a s s e 11 1978, W e l l b u r n  1982). Neither 
the tubular network, nor the prothylakoids can photosynthesize (they are 
both DAB negative). When etiolated leaves are illuminated, the semi­
crystalline array of tubules is immediatelly transformed into an irre­
gular coil. After 1—3 hours of illumination the prothylakoids become 
DAB positive, then start to divide and through their stacking the first 
grana are formed. At the same time the DAB negative tubular coil dis­
appears (W r i s c h e r 1978a).
The process of »greening«, that is the formation of grana, is one 
of the most critical steps in the chloroplast differentiation. It can be 
completely or partially inhibited by different external noxious factors, 
like ionizing radiation ( D é v i d é  1967, 1969, W r i s c h e r  1966a, W r i -  
s c h e r and D é v i d é  1964, 1967a, 1967b), anoxia ( D é v i d é  and W r i ­
s c h e r  1964, 1967), inhibitors of protein synthesis ( W r i s c h e r  1967a, 
W r i s c h e r  and V r h o v e c  1972), different herbicides ( V r h o v e c  
and W r i s c h e r  1970, W r i s c h e r  and B o t k a  1978), or pollutants, 
like heavy metals (Fig. 7) ( W r i s c h e r  and M e g 1 a j 1980, W r i s c h e r  
and K u n s t  1981).
Prolamellar bodies are not restricted to etioplasts. They also devel­
op in young chloroplasts during the night (W r i s c h e r 1966b, 1978a), or 
in weak light ( W r i s c h e r  1966b, 1981). It is generally accepted, that tu­
bular aggregates (PLBs) develop in young chloroplasts whenever normal 
thylakoid formation is inhibited ( W r i s c h e r  1981, L ü t z  et al. 1984). 
The appearance of PLBs in ethionine (an inhibitor of protein synthesis) 
treated chloroplasts might be explained in the same way (W r i s c h e r 
1973d).
The degree of plastid autonomy is evident in studies with isolated 
etioplasts and young chloroplasts. When etioplasts are isolated in dark­
ness and afterwards illuminated for several hours, their PLBs are parti­
ally transformed and dispersed, but the formation of new thylakoids in 
them does not occur (W r i s ch  e r  1973a). New thylakoids do not appear 
in isolated young chloroplasts (etiochloroplasts) held in light either. 
In this case small PLBs are formed de novo, instead of thylakoids 
( W r i s c h e r  1973b). These results serve as a proof that an intact cell 
and a normal cooperation of genome and plastome is necessary for normal 
plastid differentiation ( K i r k  and T i l n e y - B a s s e t t  1978, D é v i d é  
1983).
C h l o r o p l a s t s
Chloroplasts are the most common plastids and, owing to their im­
portant physiological function, the most widely studied. They are spe­
cially adapted to perform photosynthesis, i.e. to convert light energy into 
chemical energy. It is well known that the s.c. light reactions of the pho­
tosynthesis take place in the thylakoid membrane, and the dark reactions 
in the chloroplast stroma (Fig. 5). According to recent biochemical in-
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vestigations the two photosystems of light reactions are localized sepa­
rately in the thylakoid membrane: photosystem II predominantly in the 
grana thylakoids, and photosystem I mostly in the stroma thylakoids and 
peripheral grana thylakoids ( S t a e h e l i n  and A  r n t z e n 1983). Cyto- 
chemical investigations — using photooxidation of DAB (for the detection 
of photosystem I) and photoreduction of thiocarbamyl nitro blue tetrazo- 
lium (TCNBT; for the detection of photosystem II) — could confirm these 
findings to some extent as well ( V a u g h n  et al. 1983, W r i s c h e r, un­
published).
The most abundant stroma protein — ribulose-bisphosphate car­
boxylase (Rubisco) — can be crystallized under certain conditions in 
chloroplasts in situ. In bean chloroplasts this crystallization can be indu­
ced by feeding the leaves with sucrose or by removing some water from 
the cells (Fig. 3) ( W r i s c h e r  1967b, 1970a, 1973c). In spinach chloro­
plasts, under stress conditions (detachment of the leaves), crystallization 
of Rubisco takes place intrathylakoidally ( W r i s c h e r  1970b, 1978b).
Peripheral reticulum is an ingrowth of the inner plastid membrane. 
This membrane has an important role in the formation of other mem­
branes (thylakoids in chloroplasts, internal membranes and tubules in 
chromoplasts) and in the transport processes through the plastid enve­
lope. The envelope and the reticulum can be distinguished from thylak­
oids on the basis of their DAB negativity ( K e r e s z t e s  and W r i ­
s c h e r  1977).
The organization of the thylakoid system reflects its function. This 
is most obvious in s.c. C4 plants (e.g. in maize), containing dimorphic 
chloroplasts that have different functions in photosynthesis ( K i r k  and 
T i l n e y - B a s s e t t  1978, W r i s c h e r 1980, W r i s c h e r and L j u ­
b e s i c  1983).
Visible variations in the quantity and structure of grana exist bet­
ween chloroplasts of leaves grown in the shade and those grown in the 
sun. Large grana in chloroplasts of shade leaves reflect the high con­
centration of light-harvesting complexes of photosynthetic reaction centers 
in grana thylakoids, that are necessary for an efficient capture of light 
energy in week light ( L i c h t e n t h a l e r  e ta l. 1982, W r i s c h e r  and 
L j u b e s i c  1983).
Growth in strong light can result in degradation of some thylakoids 
and in accumulation of lipids and pigments in plastoglobules. This was 
observed in alga Acetabularia mediterránea when growing on sun-expo­
sed grounds ( K l e i n i g  and W r i s c h e r  1968).
However, overwintering blackberry leaves contain very large grana 
with much chlorophyll. This seems to be an adaptation to reduced illu­
mination during autumn and winter months, although a certain influen­
ce of the senescence of leaves cannot be excluded ( W r i s c h e r  and 
M o d r u s a n ,  in preparation).
Unusual, and not yet explained, is the formation of pseudograna in 
the alga Netrium digitus growing in darkness. In light grown cultures 
of this desmidiacean alga grana have never been observed ( M a r c e n k o  
1970b).
Senescence of chloroplasts. Senescence of leaves is always connected 
with their yellowing. On the ultrastructural level a gradual loss of the 
thylakoid system is observed; first of stroma, and then of grana thy­
lakoids ( L j u b e s i c  1968, W r i s c h e r  1978b). Thylakoids of senes­
cent chloroplasts retain some photosynthetic activity for a long time, 
as shown by their positive reaction with DAB ( W r i s c h e r  1977).
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Simultaneously with the reduction of the number of thylakoids 
plastoglobules start to accumulate. They contain lipids and pigments 
(carotenoids), which are derived from disintegrated thylakoids. Riboso­
mes also disappear from the stroma (Fig. 9) ( L j u b e s i c  1967, 1968, 1969). 
Large crystalline inclusions of phytoferritin in old blackberry leaves 
originate from degraded thylakoids ( L j u b e s i c  1976). In alga Euglena 
accumulation of wax crystals is also considered as a characteristics of 
senescence ( M a r c e n k o  1978).
Senescence of chloroplasts can be accelerated when the leaves are 
detached from the plant. It also proceeds much quicker in darkness 
than in light. Addition of sucrose, probably as a nutritional source, can 
considerably prolong the survival of chloroplasts in detached leaves 
( W r i s c h e r  1978b).
Old (senescent) chloroplasts are not always the last step in plastid 
differentiation. Detached senescent leaves, which have become yellow 
in darkness, can regreen when they are transferred to light ( W r i s c h e r  
1978b). In old senescent tobacco leaves the process of regreening is in­
duced by removing all young leaves from the plant ( L j u b e s i c  1967, 
1968), and in old detached blackberry leaves the same effect can be 
obtained through kinetin treatment ( L j u b e s i c  1976). The regreening 
process starts with reappearance of ribosomes in the stroma. Plasto­
globules and phytoferritin inclusions (in blackberry) slowly disappear and 
the synthesis of new thylakoids begins at the same time ( L j u b e s i é  
1967, 1976).
Chloroplast mutants. Mutations in plants are often expressed as a 
disturbance in function, structure and chemical composition of plastids. 
Structural components of plastids are coded for partly by the nuclear 
DNA, and partly by the plastid DNA, and therefore various interferences 
can happen in the course of differentiation ( D é v i d é  1983).
For the study of interaction between mutations and environmental 
factors very useful objects are the s.c. conditional mutants ( H o p k i n s ,  
H a y d e n  and N e u f e r 1980). Aurea mutants also belong to this group. 
The leaves of aurea mutants can green, i.e. develop chloroplasts, only 
when they are growing in the shade, while in the sunlight the leaves be­
come yellow. In these yellow leaves the plastids contain only a poorly 
developed thylakoid system, which consists mostly of single thylakoids 
and thylakoids in degradation (Fig. 8). After a prolonged growth in the 
sun the leaves bleach, and then only the remnants of thylakoids remain 
in the plastids. Concentration of pigments, especially of chlorophyll, is 
very low in yellow leaves. Nevertheless their photosynthetic efficiency is 
several times higher than in shade-grown green leaves of the same plant, 
or in wild type plants ( W r i s c h e r ,  L j u b e S i é  and D é v i d é  1975a, 
b, 1976, A n t i c a  and W r i s c h e r  1982, K u n s t  1983, W r i s c h e r  
et al. 1986).
Plastids of aurea mutants posess the ability to adapt promptly to 
changes in light conditions. Alternate yellowing and greening is observed 
under natural conditions in succession of sunny and cloudy days, but 
it can also be experimentally induced. It has been shown that alternate 
yellowing and greening can occur several times in the course of one 
season ( K u n s t  and W r i s c h e r  1984).
Spontaneous mutations in Euglena can be induced when the cells 
are exposed to high light or high temperatures ( M a r c e n k o  1970a). 
One of these spontaneous mutants, the y-1 strain, has lost most of the 
chlorophyll and the plastids contain a very reduced thylakoid system
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(Fig. 10) ( M a r c  en k o  1973). This mutant is more sensitive to high 
temperatures, strong light and some inhibitors of protein synthesis, than 
the wild type Euglena ( M a r c e n k o  1974a, b, 1980). Spontaneous mu­
tation in Euglena can result also in a completely pigmentless mutant, 
which contains only residual thylakoids and some plastoglobules ( M a r ­
c e n k o  1981).
C h r o m o p l a s t s
Chromoplasts in yellow and coloured fruits, flowers and roots are 
usually the last stage in the process of plastid differentiation. Their 
physiological role is yet unknown, although their ecological function 
has been well stated. The structure of chromoplasts varies exceedingly, 
as it was observed already by S c h i m p e r  (1885). Chromoplasts usually 
develop from chloroplasts, with an exception when they directly evolve 
from proplastids, as in the proximal part of the fruit of Cucurbita pepo 
cv. pyriformis ( L j u b e s i c  1970a, b) and in young roots and callus cells 
of carrot ( W r i s c h e r  1972, 1974). Different types of chromoplasts can 
be best classified according to the carotenoid containing structures 
( S i t t e  1974).
The most widely spread are globulous chromoplasts with pigments 
dissolved in lipid droplets, lying in the stroma, as in the fruits of Cu­
curbita pepo cv. ovifera (Fig. 12) ( D e v i d e  1970a, b), in distal parts of 
the fruits of Cucurbita pepo cv. pyriformis ( L j u b e s i c  1972), and in 
lemon fruits ( L j u b e s i c  1984). The plastids of senescent yellow leaves, 
which contain large numbers of plastoglobules, should also be classified 
in this chromoplast type ( L j u b e s i c  1968, 1969, 1976).
------------ -— ----------------------------- ---------------- ------------------- — -----------►
Fig. 1. Sinapis alba, proplastids from the root meristem. 24,000:1.
Fig. 2. Allium cepa, leucoplast from the bulb tissue. 38,000:1.
Fig. 3. Phaseolus vulgaris, protein crystalloids in the stroma of a leaf chloro- 
plast. 100,000:1.
Fig. 4. Phaseolus vulgaris, etioplast from the dark grown leaf. 40,000:1.
Fig. 5. Zea mays, part of a leaf chloroplast. 42,000:1.
Fig. 6. Zea mays, leaf chloroplasts with positive DAB reaction in the thylak­
oids. 22,000:1.
Fig. 7. Triticum vulgare, chloroplast from the cadmium treated leaf (CdCla 
1 mmol). 17,000:1.
Fig. 8. Fraxinus excelsior var. aurea, part of a plastid from the yellow, 
sungrown leaf with degraded thylakoids. 66,000:1.
Fig. 9. Nicotiana rustica, part of a senescent leaf chloroplast. 42,000:1.
Fig. 10. Yellow (y-1) mutant of Euglena gracilis with undeveloped plastids.
8,000:1.
Fig. 11. Cucurbita pepo cv. pyriformis, chromoplasts from the proximal part 
of the fruit 28,000:1.
Fig. 12. Cucurbita pepo cv. ovifera, chromoplast from the yellow fruit. 16,000:1. 
Fig. 13. Cucurbita pepo cv. ovifera, chloroplast from the regreened fruit. 
17,000:1.
Fig. 14. Liriodendron tulipifera, chromoplast from the flower treated with 
SAN 9789 (0.02 mmol). 30,000:1.
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Presence of plastoglobules does not necessarily mean that they con­
tain pigments. Leucoplasts in the fruits of Cucurbita pepo cv. pâtisson 
are filled with plastoglobules, but are pigmentless ( L j u b e s i c  1973).
In membraneous chromoplasts carotenoids are located in special 
»internal« membranes, which are sometimes perforated (Fig. 11) ( L j u ­
b e s i c  1970a, b). In the course of chromoplast differentiation in Calceo­
laria petals it is possible to follow the development of these membranes 
by invagination of the inner membrane of the envelope (W r i s c h e r 
and L j u b e s i c  1984).
In tubulous (fibrilar) chromoplasts pigments are present in numerous 
long tubules. The origin of these tubules is different. They appear either 
through reorganization from degraded thylakoids, as in the chromoplasts 
of Forsythia flowers ( L j u b e s i c  1979b), or develop inside plastoglobu­
les, as in the chromoplasts of Sorbus aucuparia fruits ( L j u b e s i c  1982). 
Both types of tubular formations seem to be present in the chromoplasts 
of the fruits of Cucurbita maxima cv. turbanijormis ( L j u b e s i c  1977).
Reticulo-tubulous chromoplasts are very rare. As yet they have been 
described in only two cases. One of them is the spadix of Typhonium 
divaricatum (S c h n e p f and C z y g a n 1966), and the other the orange 
zone of the Liriodendron tulipifera petals. These chromoplasts contain 
numerous branched and curved tubules, which form a large network. 
Plastoglobules are located among the tubules. It is impossible to say yet 
whether the pigments are located within the tubules, or the plastoglo­
bules, or in both of them ( L j u b e s i c  1979a).
In crystalloid chromoplasts numerous crystals of 3-carotene or lyco­
pene lie in the stroma enveloped by a membrane. The formation of these 
crystals starts already intrathylakoidally in chloro-chromoplasts of the 
Narcissus poëticus corolla ( H l o u s e k - R a d o j ë i c  and L j u b e s i é, 
unpublished). It should be mentioned that 3-carotene crystals develop 
also in some other old chromoplasts, e.g. in reticulo-tubulous chromo­
plasts of the old Liriodendron tulipifera flowers ( L j u b e s i c  1979a).
Although it is generally thought that chromoplasts form the last 
stage in plastid differentiation, it is well known that tissues which con­
tain chromoplasts can regreen under certain conditions. Repeated re­
greening was observed in the ripe fruits of Cucurbita pepo cv. ovifera 
in the light. New thylakoids are formed either by division of small ve­
sicles, present in the stroma, or by invagination of the envelope (Fig. 13) 
( D é v i d é  and L j u b e s i c  1972, 1974). The regreening of the proximal 
part in completely red Cucurbita maxima cv. turbanijormis fruits and 
in ripe lemon fruits proceeds in a similar fashion ( L j u b e s i c  1981. 
1984). Carrot roots regreen promptly when illuminated. In chromoplasts 
of old roots new thylakoids are developed by division of vesicles, present 
in the stroma, and in young ones by invagination of the inner membrane 
of the envelope. Vesicles, which pinch off the membrane, are divided and 
then stacked to small grana (W r i s c h e r 1972, 1974).
Treatment of plants with inhibitors offers an opportunity to study 
the genesis of different components of the chromoplasts and to learn 
more about their composition without destroying the organelles. By 
changing the direction of plastid differentiation this process can be made 
more comprehensive. When Forsythia flowers are treated with the her­
bicide isopropyl N-phenylcarbamate (IPC; a common inhibitor of pro­
tein synthesis) no tubules, but only numerous plastoglobules, are deve­
loped in the chromoplasts ( L j u b e i i é  and R a d i e  1979).
The herbicide SAN 9789 is a specific inhibitor of the synthesis of 
3-carotene. When the flower buds of Narcissus poëticus or Liriodendron
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tulipifera are treated with this inhibitor, no crystals of 3_car°tene> but 
numerous plastoglobules, are developed in chromoplasts (Fig. 14). Ac­
cording to the analysis by thin layer chromatography these plastoglobules 
contain only xanthophyiis and never 3_car°tene ( H l o u š e k  and L j u -  
b e š i ć  1985). Another herbicide of the same series, SAN 9785, inhibits 
only the synthesis of lipids. Therefore it does not inhibit the formation 
of 3-carotene crystals in the chromoplasts of Narcissus poëticus, but it 
has some effects on other chromoplast components ( H l o u š e k - R a -  
d o j č i ć and L j u b e š i ć ,  unpublished).
In the course of the years the authors have studied plastid differen­
tiation in numerous plants, under various environmental conditions and 
treatments (light, temperature, specific inhibitors, ionizing radiation and 
pollutants). These investigations have provided a lot of data, but at the 
same time many new questions have arisen.
C o n c l u s i o n
Plastids represent unique cell organelles in the living world. Only 
they contain photosynthetic membranes in which light energy is convert­
ed into chemical energy. Other important biosynthetic processes occur 
in plastids as well. Therefore a better knowledge of the processes taking 
place in these organelles is needed and is of manifold academic and 
practical interest, since all our food originates directly or indirectly 
from plastids.
Plastids are semiautonomous cell organelles and their structure and 
function is closely bound to the interaction of both plastome and genome 
of the cell. Their great variability and interconvertibility make them 
extremely suitable for various investigations. Valuable informations on 
plastid autonomy and its dependence on the genetic apparatus of the 
cell can be obtained by studying plastids isolated in their various deve­
lopmental stages. A useful tool in studying plastid differentiation is 
without do-ubt the application of inhibitors with well known action, as 
specific inhibitors of protein synthesis or compounds which influence 
the synthesis of distinct components of the photosynthetic apparatus.
Conditional mutants, e.g. aurea mutants, are very convenient in the 
study of environmental influence on plastid differentiation and dedif­
ferentiation. The response of plastids to environmental changes (e.g. to 
changes in light conditions) is much more strongly pronounced in these 
plants than in normal ones and therefore suitable to study.
In recent years another practical aspect connected with plastid in­
vestigations has arisen. It is evident that plastids, being very sensitive to 
different noxious substances, are excellent indicators of all ways of pol­
lution.
R e f e r e n c e s
Antica, M., M. Wrischer, 1982: Reversible light-dependent transformation of 
mutant plastids in variegated leaves of Euonymus fortunei (Turcz.) var. 
radicans (Miq.) Rehd. Acta Bot. Croat. 41, 19— 27.
Dévidé, Z., 1967: The effect of ionizing radiation and of ultraviolet light on 
developing plastids in primary leaves of etiolated bean seedlings. Europ. 
Photobiology Symp. Hvar (Yugoslavia), 9— 12.
50 A C T A  BOT. CROAT. VO L . 45, 1986.
FINE STRUCTURAL STUDIES OF PLASTIDS
Dévidé, Z., 1969: Veränderungen im Chloroplasten-Feinbau nach Röntgenbe­
strahlung etiolierter Bohnenblätter, öster. Bot. Z. 116, 444— 453.
Dévidé, Z., 1970a: Changes in fine structure of plastids in ripe fruits of 
Cucurbita pepo cv. ovifera. 7-iéme Congr. Intern. Micr. Électronique, 
Grenoble, Vol. III, 201— 202.
Dévidé, Z., 1970b: Ultrastructural changes of plastids in ripe fruit of Cucur­
bita pepo cv. ovifera. Acta Bot. Croat. 29, 57— 62.
Dévidé, Z. 1983: Značenje plastoma i hondroma za nasljeđivanje kod biljaka. 
»Značaj procesa fotosinteze i disanja biljaka u njihovom oplemenjivanju 
i proizvodnji«, M. Sarić, ed., Novi Sad, 24— 38.
Dévidé, Z., N. Ljubešić, 1972: Plastid transformation in pumpkin fruits. Na­
turwissenschaften 59, 39— 40.
Dévidé, Z., N. Ljubešić, 1974: The reversion of chromoplasts to chloroplasts in 
pumpkin fruits. Z. Pflanzenphysiol. 73, 296— 306.
Dévidé, Z., M. Wrischer, 1964: The ultrastructure of developing plastids in 
the leaves of etiolated bean seedlings at disturbed respiration. 3rd Euro­
pean Reg. Conf. Electron Microscopy, Prague, 151— 152.
Dévidé, Z., M. Wrischer, 1967: Über den Einfluss von Atmungsstörungen auf 
die Differenzierung der Plastiden im Blattgewebe etiolierter Bohnenkeim­
linge. Z. Naturforsch. 22b, 447— 450.
Hloušek, A., N. Ljubešić, 1985: The effect of SAN 9789 on tulip tree chromo­
plasts. Acta Bot. Croat. 44, 15— 18.
Hopkins, W. G., D. B. Hayden, M. G. Neuf er, 1980: A  light-sensitive mutant 
in maize (Zea mays L.), I. Chlorophyll, chlorophyll-protein and ultra- 
structural studies. Z. Pflanzenphysiol. 99, 417— 426.
Keresztes, A., M. Wrischer, 1977: Effect of mutation on the peripheral reticu­
lum in Tradescantia albiflora chloroplasts. Acta Biol. Acad. Sei. Hung. 28, 
311— 316.
Kirk, J. T. O., R. A. E. Tilney-Bassett, 1978: The Plastids, Their Chemistry, 
Structure, Growth and Inheritance. Elsevier/North-Holland Biomed. Press, 
Amsterdam, New York, Oxford.
Kleinig, H., M. Wrischer, 1968: Die Feinstruktur von Acetabularia Chloropla- 
sten bei Sekundärcarotinoid-Bildung. Z. Pflanzenphysiol. 58, 248— 251.
Knoth, R., M. Wrischer, J. Vetter, 1980: Phytoferritin-accumulating plastids 
in the male generative cell of Pelargonium X hortorum Bailey. Z. Pflan­
zenphysiol. 98, 365— 370.
Kunst, L., 1983: Plastid development in leaves of Ligustrum ovalifolium Hassk. 
var, aureum at high and low light conditions. Acta Bot. Croat. 42, 
29— 36.
Kunst, L., M. Wrischer, 1984: Adaptational changes of plastids in the leaves 
of Ligustrum ovalifolium Hassk. var. aureum at different light inten­
sities. Protoplasma 122, 132— 137.
Lichtenthaler, H. K., G. Kuhn, U. Prenzel, C. Buschmann, D. Meier, 1982: 
Adaptation of chloroplast-ultrastructure and chlorophyll-protein levels 
to high-light and low-light growth conditions. Z. Naturforsch. 37c, 464—  
475.
Ljubešić, N., 1967: Ultrastructural changes of chloroplasts during the proces­
ses of yellowing (senescence) and regreening (rejuvenation) of leaves. 
Europ. Photobiology Symp., Hvar (Yugoslavia), 51— 54.
Ljubešić, N., 1968: Feinbau der Chloropiasten während der Vergilbung und 
Wiederergrünung der Blätter. Protoplasma 66, 369— 379.
Ljubešić, N., 1969: Plastoglobuli kod vrste Chlorophytum comosum (Thumb.) 
Baker. Acta Bot. Croat. 27, 227— 231.
Ljubešić, N., 1970a: Ultrastructural changes in chromoplasts of the fruit of 
Cucurbita pepo cv. pyriformis. 7-iéme Congr. Intern. Micr. Électronique, 
Grenoble, Vol. Ill, 203— 204.
Ljubešić, N., 1970b: Fine structure of developing chromoplasts in outer yellow 
fruit parts of Cucurbita pepo cv. pyriformis. Acta Bot. Croat. 29, 51— 56.
A C T A  BOT. CROAT. VOL. 45, 1986. 51
M ERCEDES W RISCH ER et al.
LjubeSiö, N., 1972: Ultrastructural changes of plastids during the yellowing 
of the fruit of Cucurbita pepo var. pyriformis. Acta Bot. Croat. 31, 47—
53.
LjubeSiö, N., 1973: Transformations of plastids in white pumpkin fruits. Acta 
Bot. Croat. 32, 59— 62.
LjubeSiö, N., 1976: Phytoferritin in plastids of blackberry leaves. Acta Bot. 
Croat. 35, 51— 55.
LjubeSiö, N., 1977: The formation of chromoplasts in fruits of Cucurbita maxi­
ma Duch. »turbaniformis.« Bot. Gaz. 138, 286— 290.
LjubeSiö, N., 1979a: Chromoplasts in the petals of Liriodendron tulipifera L. Z. 
Pflanzenphysiol. 91, 49— 52.
LjubeSiö, N., 1979b: Chromoplasts of Forsythia suspensa (Thunb.) Vahl. I. Ul­
trastructure and pigment composition. Acta Bot. Croat. 38, 23— 28.
LjubeSiö, N., 1981: The regreening of tubulous chromoplasts in fruits of Cucur­
bita maxima Duch. cv. turbaniformis. Acta Bot. Croat. 40, 61— 66.
LjubeSiö, N., 1982: Phytoferritin accumulations in chromoplasts of Sorbus 
acuparia L. fruits. Acta Bot. Croat. 41, 29— 32.
LjubeSiö, N., 1984: Structural and functional changes of plastids during yel­
lowing and regreening of lemon fruits. Acta Bot. Croat. 43, 25— 30.
LjubeSiö, N., M. Radic, 1979: Chromoplasts of Forsythia suspensa (Thunb.) 
Vahl. II. The effect of isopropyl N-phenylcarbamate. Acta Bot. Croat. 38, 
29— 34.
Lütz, C., U. Nordmann, H. Tönissen, P. Bergweiler, U. Röper, 1984: On the 
lipid like character of prolamellar bodies. In: Advances in Photosynthesis 
Res., C. Sybesma, ed., M. Nijhoff/W. Junk Publ., Vol. IV, 6.627—6.631.
Marcenko, E., 1970a: The effect of illumination regimen on temperature-in­
duced and spontaneous bleaching in Euglena gracilis. Acta Bot. Croat. 29, 
27— 32.
Marcenko, E., 1970b: Veränderungen im Chromatophoren-Feinbau von Netrium 
digitus (Desmidiaceae) bei Lichtabschluss. Acta Bot. Croat. 29, 33— 38.
Marcenko, E., 1973: Plastids of the yellow y-1 strain of Euglena gracilis. 
Protoplasma 76, 417— 433.
Marcenko, E., 1974a: Effect of light and temperature on the bleaching of the 
yellow mutant y-1 of Euglena gracilis. Protoplasma 82, 119— 123.
Marcenko, E., 1974b: On the permanent bleaching of Euglena by chloram­
phenicol and its inhibition by cycloheximide. Cytobiologie 9, 280— 289.
Marcenko, E., 1978: Crystalloid bodies in Euglena. Cytobiologie 16, 485— 493.
Marcenko, E., 1980: Effect of isopropyl N-phenylcarbamate on Euglena. Acta 
Bot. Croat. 39, 71— 78.
Marcenko, E., 1981: Properties and structure of a bleached pigmentless mu­
tant of Euglena gracilis. Acta Bot. Croat. 40, 67— 72.
Schimper, A. F. W., 1885: Untersuchungen über die Chlorophyllkörner und 
die ihnen homologen Gebilde. Jb. wiss. Bot. 16, 1— 247.
Schnepf, E., F.-C. Czygan, 1966: Feinbau und Carotinoide von Chromopla- 
sten im Spadix-Appendix von Typhonium und Arum. Z. Pflanzenphysiol.
54, 345— 355.
Sitte, P., 1974: Plastiden-Metamorphose und Chromopiasten bei Chrysosple- 
nium. Z. Pflanzenphysiol. 73, 243— 265.
Staehelin, L. A., C. J. Arntzen, 1983: Regulation of chloroplast membrane 
function: Protein phosphorylation changes the spatial organization of 
membrane components. J. Cell Biol. 97, 1327— 1337.
Vaughn, K. C., E. Vierling, S. O. Duke, R. S. Alberte, 1983: Immunocytoche- 
mical and cytochemical localization of photosystem I and II. Plant Phy­
siol. 73, 203— 207.
Vrhovec, B., M. W rischer, 1970: The effect of amitrole on the fine structure 
of developing chloroplasts. Acta Bot. Croat. 29, 43— 49
52 A C T A  BOT. CROAT. VOL. 45, 1986.
FINE S T R U C T U R A L  ST U D IE S  O F P L A S T ID S
Wellburn, A. R., 1982: Bioenergetic and ultrastructural changes associated 
with chloroplast development. Internat. Rev. Cytol. 80, 133— 191.
Wrischer, M., 1966a: The effect of gamma rays on the ultrastructure of de­
veloping plastids under anoxic conditions. Acta Bot. Croat. 25, 153— 156.
Wrischer, M., 1966b: Neubildung von Prolamellarkorpern in Chloroplasten. 
Z. Pflanzenphysiol. 55, 296— 299.
Wrischer, M., 1967a: The effect of inhibitors of protein synthesis on the dif­
ferentiation of plastids in etiolated bean seedlings. Planta 73, 324— 327.
Wrischer, M. 1967b: Kristalioide in Plastidenstroma I. Elektronenmikroskopisch- 
-Cytochemische Untersuchungen. Planta 75, 309— 318.
Wrischer, M., 1970a: Protein crystalloids in plastid stroma. 7-iéme Congr. In­
ternat. Micr. Électronique, Grenoble, Vol. Ill, 191— 192.
Wrischer, M„ 1970b: Intrathylakoidal protein crystalloids in spinach plastids. 
Acta Bot. Croat. 29, 39— 42.
Wrischer, M., 1972: Transformation of plastids in young carrot callus. Acta 
Bot. Croat. 31, 41— 46.
Wrischer, M., 1973a: Ultrastructural changes in isolated plastids. I. Etioplasts. 
Protoplasma 78, 291— 303.
Wrischer, M., 1973b: Ultrastructural changes in isolated plastids. II. Etio-chlo- 
roplasts. Protoplasma 78, 417— 425.
Wrischer, M„ 1973c: Protein crystalloids in the stroma of bean plastids. Pro­
toplasma 77, 141— 150.
Wrischer, M., 1973d: The effect of ethionine on the fine structure of bean 
chloroplasts. Cytobiologie 7, 211— 214.
Wrischer, M., 1974: Plastid transformation in carrot roots induced by differ­
ent lights. Acta Bot. Croat. 33, 53-—61.
Wrischer, M., 1977: Ultrastructural localization of photosystem I in plastids 
of senescent spinach leaves. Acta Bot. Croat. 36, 57— 61.
Wrischer, M., 1978a: Ultrastructural localization of diaminobenzidine photooxi­
dation in etiochloroplasts. Protoplasma 97, 85— 92.
Wrischer, M., 1978b: Ultrastructural changes in plastids of detached spinach 
leaves. Z. Pflanzenphysiol. 86, 95— 106.
Wrischer, M., 1980: Struktura i kemizam kloroplasta. »Fiziologija kukuruza«, 
M. Sarić, ed. Srpska akademija nauka i umetnosti, Beograd, 1— 20.
Wrischer, M., 1981: Structural and functional differentiation of wheat chlo­
roplasts. Acta Bot. Croat. 40, 73— 78.
Wrischer, M,. K. Botka, 1978: The effect of isopropyl N-phenylcarbamate on 
the structure and photosynthetic activity of etiochloroplasts. Acta Bot. 
Croat. 37, 53— 60.
Wrischer, M., Z., Dévidé, 1964: The effect of gama rays on the fine structure 
of developing plastids in the leaves of etiolated bean seedlings. 3rd 
European Reg. Conf. Electron Microscopy, Prague, 271— 272.
Wrischer, M., Z. Dévidé, 1967a: Uber den Einfluss von Vorbelichtung auf die 
Plastiden-Entwicklung in den Primarblattern gamma-bestrahlter etiolier- 
ter Bohnenkeimlinge. Planta 73, 319— 323.
Wrischer, M., Z. Dévidé, 1967b: Uber die Wirkung von Gammastrahlen auf 
die Entwicklung der Plastiden etiolierter Bohnenkeimlinge. Z. Naturforsch. 
22b, 442— 446.
Wrischer, M., A. Hloušek-Rcidojčić, L. Kunst, N. Ljubešić, 1986: Differentia­
tion of chloroplasts in leaves of aurea plants. In: Proc. Conf. »Regula­
tion of Chloroplast Differentiation« G. Akoyounoglou, H. Senger, eds. 
»Plant Biology« Series, A. R. Liss Inc. Publ., New York, 685— 690.
Wrischer, M., L. Kunst, 1981: Fine structural changes of wheat plastids dur­
ing cadmium induced bleaching. Acta Bot. Croat. 40, 79— 83.
Wrischer, M., N. Ljubešić, 1983: Osobine kloroplasta kod različitih vrsta i ge- 
notipova biljaka. »Značaj procesa fotosinteze i disanja biljaka u njiho­
vom oplemenjivanju i proizvodnji«. M. Sarić, ed., Novi Sad, 24— 38.
A C T A  B O T . C R O A T . V O L . 45, 1986. 53
MERCEDES WRISCHER et al.
Wrischer, M., N. Ljubesié, 1984: Plastid differentiation in Calceolaria petals. 
Acta Bot. Croat. 43, 19— 24.
Wrischer, M., N. Ljubesié, Z. Dévidé, 1975a: Transformation of plastids in the 
leaves of Acer negundo L. var. Odessanum (H. Rothe). J. Cell Sci. 18, 
509— 518.
Wrischer, M., N. Ljubesié, Z. Dévidé, 1975b: Ultrastructural studies of pla­
stids in leaves of Fraxinus excelsior L. var. aurea (Willd.). J. Microscopie 
Biol. Cell. 23, 105— 112.
Wrischer, M., N. Ljubeêié, Z. Dévidé, 1976: Ultrastructural and functional 
characteristics of plastids in the leaves of Ligustrum ovalifolium Hassk. 
var. aureum. Acta Bot. Croat. 35, 57— 64.
Wrischer, M., D. Meglaj, 1980: The effect of lead on the structure and function 
of wheat plastids. Acta Bot. Croat. 39, 58— 76.
Wrischer, M., B. Vrhovec, 1969: The effect of amitrole on the fine structure of 
root proplastids. Acta Bot. Croat. 28, 411— 414.
Wrischer, M., B. Vrhovec, 1972: The effect of cycloheximide on the fine struc­
ture of bean chloroplasts. Acta Bot. Croat. 31, 55— 60.
S A Ž E T A K
e l e k t r o n s k o -m i k r o s k o p b k a  i s t r a ž i v a n j a  p l a s t i d a  t ij e k o m  n j ih o v e
DIFERENCIJACIJE I DEDIFERENCIJACIJE
Mercedes Wrisclier, Nikola Ljubešić, Elena Marčenko, Ljerka Kunst i Alenka
HlouSek-Radojčić
(Laboratorij za elektronsku mikroskopiju, Institut »Ruđer Bošković«, Zagreb)
Prikazani su razni tipovi plastida, njihova varijabilnost i interkon- 
vertibilnost, na temelju višegodišnjih istraživanja autora. Na većem 
broju objekata opisani su ultrastruktura i razvoj glavnih tipova plastida 
(kloroplasta, etioplasta, kromoplasta i leukoplasta).
Studirana je diferencijacija kloroplasta i istražen utjecaj različitih 
vanjskih čimbenika na taj proces. Razvoj fotosintetske aktivnosti u tila- 
koidima tijekom diferencijacije kloroplasta praćen je primjenom odgova­
rajuće citokemijske metode. Na primjeru mutanata tipa aurea prikazana 
je sposobnost prilagodbe kloroplasta na promjene okoliša (uvjete osvjet­
ljenja). Opisana je ultrastruktura različitih tipova kromoplasta, a pri­
mjenom specifičnih inhibitora istražena je njihova diferencijacija.
Dediferencijacija plastida prikazana je na nekoliko primjera. Opisana 
je prijetvorba leukoplasta u kloroplaste i prijetvorbe više tipova kro­
moplasta u kloroplaste. Raspravljeno je značenje tih prijetvorbi.
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